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address decoder, an address selector, and a PASR configura-
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decoder updates the PASR configuration during writing. The
address selector generates an updated address set, which is
used for setting at least one mode register of the memory,
according to the PASR configuration register under a sleep-
or-standby mode in order that the memory can self refresh at
least one of the memory segments correspondingly.
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Receiving an input address set |-—S110

!

Converting the input address | -S120
set into a mapped address set

Sleep-or-standby
mode

The normal mode,
the sleep-or-standby
mode?

Normal mode

S170
S1}40
L Generating an updated
Updating a PASR address set according to the
configuration according to updated PASR configuration
the mapped address set
y
! S150 | Setting the mode register of 5180
Storing the updated PASR ///' the memory according to the
configuration updated address set
, !
S160 .
address Set, generating an — refresh the memory Segments —8190
updated address set used corresponding to the PASR
for accessing the memory Conﬁguration according to
content of the mode registers

FIG. 13
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Adding the input address set and the address offset to | S201
generate an addition result

y

performing AND operation on the addition result and
a first default signal to generate a first AND result, and  |-—S202
setting the first AND result as the mapped address set

FIG. 14

Receiving a mask configuration ——S301

4

Performing AND operation on the corresponding PASR
configuration bits and inversed mask configuration bits ~ |-—-S302
to generate mxn second AND results

!

According to the mxn second AND results, adding the
input address set and the address offset to generate  |-—S303
the mapped address set

FIG. 15
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Generating a decoding address set according to the input | __g401
address set

4

Performing OR operation on n inversed PASR
configuration bits corresponding to n memory segments | _g402
belonging to the same memory bank, to generate m first

OR results

4

Performing AND operation on the m first OR results and | S403
the decoding address set to generate m third AND results

y

Performing OR operation on the m third AND resultsto | _g404
generate a matching signal

y

Adding the m first OR results to generate an updated | _S405
memory bank quantity

y
According to the matching signal and the updated memory
bank quantity, adding the input address set and the L —-S406
address offset to generate a mapped address set

FIG. 16
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Receiving a look-up address set - —S501

y

Receiving a mapped configuration with mapped | .S502
configuration bits

i
Converting an input address set, default addresses and
look-up addresses into a mapped address set according |-—S503

to the mapped configuration bits and the input address set

4

Updating the look-up address set according to the | S504
mapped address set

FIG. 17

Receiving a look-up address set -—S§501

y

Receiving a mapped configuration with mapped | 5502
configuration bits

y
Converting an input address set, default addresses and
look-up addresses into a mapped address set according [—S503

to the mapped configuration bits and the input address set

y

Updating the look-up address set according to the _S504
mapped address set

4

Updating the mapped configuration bits according to the | S505
mapped configuration bits and the input address set

FIG. 18
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Receiving a look-up address set —-5501
y
Receiving a mapped configuration with mapped _-S502
configuration bits
y
Receive a mask configuration —-5506
y
Converting the input address set into the mapped address
set according to the mapped configuration bits, the input | _g5gar
address set, the default addresses, the look-up addresses
and the mask configuration
y
Updating the look-up address set according to the | S504
mapped address set

FIG. 19
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Receiving a look-up address set —-8501

4
Receiving a mapped configuration with mapped
configuration bits

—-5502

4

Generating the decoding address set according to the input | _g507
address set

4

Performing OR operation on the n inversed PASR
configuration bits corresponding to the n memory segments |- S308
in the same memory bank to generate the m first OR results

4

Performing AND operation on the m first OR results and | _gg50g
the decoding address set to generate the m third AND results

y

Performing OR operation on the m third AND results to | S510
generate the matching signal

4
Adding the m first OR results to generate the updated | S511
memory bank quantity

4

Converting the input address set, the default addresses and

the look-up addresses into the mapped address set according | s503"

to the mapped configuration bits, the input address set, the
matching signal and the updated memory bank quantity

4

Updating the look-up address set according to the mapped | _g504
address set

FIG. 20
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Performing AND operation on the n updated PASR
configuration bits corresponding to the n memory segments |- S601
in the same memory bank to generate m fourth AND results

4

Performing AND operation on the m updated PASR
configuration bits corresponding to the m memory segments,
belonging to an index of memory segment, in the m memory

banks to generate n fifth AND results

[ —-S602

4

Generating the first signal according to the m fourth AND | __gg03
results and the n fifth AND results

y

Generating the updated address set according to a first

, | —~S5604
signal and the mapped address set

FIG. 21
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1
MEMORY CONTROLLING DEVICE AND
METHOD THEREOF FOR CONTROLLING
MEMORY WITH PARTIAL ARRAY SELF
REFRESH (PASR) FUNCTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This non-provisional application claims priority under 35
U.S.C. §119(a) on Patent Application No(s). 101150622 filed
in Taiwan, R.O.C. on Dec. 27, 2012, the entire contents of
which are hereby incorporated by reference.

TECHNICAL FIELD

The disclosure relates to a memory controlling device, and
more particularly to a memory controlling device and a
method thereof for controlling a memory with a partial array
self refresh (PASR) function.

BACKGROUND

Newly added functions of portable devices require the
corresponding enhancement of efficiency and battery life.
Therefore, the design of the portable devices faces the prob-
lems of how to reduce the power consumption for extending
battery life and standby time. On the other hand, the devel-
opment of the smart phone market leads the continuous
growth of memory shipments. In the future, larger memory
capacity is required for portable devices. Therefore, the issue
ot how to reduce the power consumption of memory is being
emphasized.

For the power consumption of memory in portable devices,
it is necessary to develop technologies for effectively reduc-
ing the power consumption of memory by the partial array
self refresh (PASR) function.

SUMMARY

According to an embodiment in the disclosure, a memory
controlling device adapted to be disposed in a computer is
provided, and is used for controlling a memory which has a
partial array self refresh (PASR) function and includes a
plurality of memory segments in the computer. The computer
operates under a normal mode and a sleep-or-standby mode.
The memory controlling device includes a PASR configura-
tion register, an address mapper, an address decoder and an
address selector.

The PASR configuration register is used for storing a PASR
configuration. The PASR configuration includes a plurality of
PASR configuration bits, and the PASR configuration bits
correspond to the memory segments respectively. The
address mapper is used for receiving an input address set, for
converting the input address set into a mapped address set,
and for outputting the mapped address set. The mapped
address set includes at least one mapped address in a limited
range, or includes a plurality of successive mapped addresses.

The address decoder is coupled to the PASR configuration
register and the address mapper. Under the normal mode, the
address decoder is used for receiving the mapped address set
and the PASR configuration, for updating the PASR configu-
ration according to the mapped address set, and for storing the
updated PASR configuration in the PASR configuration reg-
ister. The address selector is coupled to the memory, the
PASR configuration register and the address mapper. Under
the normal mode, the address selector is used for receiving the
mapped address set to generate an updated address set used
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for accessing the memory. Under the sleep-or-standby mode,
the address selector is used for receiving the updated PASR
configuration to generate the updated address set according to
the updated PASR configuration. The address selector sets at
least one mode register of the memory according to the
updated address set, so that the memory self refreshes at least
one of the memory segments corresponding to the PASR
configuration.

Furthermore, according to an embodiment in the disclo-
sure, a memory controlling method is provided for control-
ling a memory with a PASR function in a computer. The
computer operates under a normal mode and a sleep-or-
standby mode. The memory includes a plurality of memory
segments. The memory controlling method includes follow-
ing steps. An input address set is received. The input address
set is converted into a mapped address set, the mapped
address set includes at least one mapped addresses in a limited
range, or includes a plurality of consecutive mapped
addresses.

Under the normal mode, the memory controlling method
performs the following steps. A PASR configuration is
updated according to the mapped address set, the PASR con-
figuration includes a plurality of PASR configuration bits, and
the PASR configuration bits are corresponded to the memory
segments respectively. The updated PASR configuration is
stored. An updated address set for accessing the memory is
generated according to the mapped address set.

Under the sleep-or-standby mode, the memory controlling
method performs the following steps. The updated address set
is generated according to the updated PASR configuration. At
least one mode register of the memory is set according to the
updated address set. The memory is controlled to self refresh
at least one of the memory segments, corresponding to the
PASR configuration, according to the mode register.

According to an embodiment in the disclosure, a memory
controlling device disposed in a computer is provided for
controlling a memory with a PASR function in the computer.
The memory includes a plurality of memory segments, and
the memory controlling device includes a backup memory
unit, a sleep flag, a PASR configuration register, a controller,
an address decoder and an address selector.

The sleep flag records whether the computer including the
memory is under a normal mode or a sleep-or-standby mode.
The PASR configuration register stores a PASR configura-
tion. The PASR configuration includes a plurality of PASR
configuration bits. The PASR configuration bits correspond
to the memory segments respectively. The controller is
coupled to the memory, the sleep flag and the backup memory
unit. Under the sleep-or-standby mode, the controller gener-
ates a controller output address set used for accessing the
memory, and copies content of at least one of the memory
segments, which corresponds to the controller output address
set, to the backup memory unit. The address decoder is
coupled to the sleep flag, the controller and the PASR con-
figuration register. Under the sleep-or-standby mode, the
address decoder updates at least one of the PASR configura-
tion bits of the PASR configuration corresponding to the
controller output address set, and stores the updated PASR
configuration in the PASR configuration register. The address
selector is coupled to the memory, the PASR configuration
register and the controller. The address selector receives the
controller output address set or the updated PASR configura-
tion under the sleep-or-standby mode to generate an updated
address set, so as to control the memory to self refresh the at
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least one memory segment corresponding to the PASR con-
figuration, according to the updated address set.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure will become more fully understood from
the detailed description given herein below for illustration
only and thus does not limit the disclosure, wherein:

FIG. 1 is a block diagram of a memory controlling device
according to an embodiment of the disclosure;

FIG. 2 is ablock diagram of the memory controlling device
according to an embodiment of the disclosure;

FIG. 3A is a schematic diagram of an address mapper
according to an embodiment of the disclosure;

FIG. 3B is a schematic diagram of the address mapper
according to an embodiment of the disclosure;

FIG. 3C is a schematic diagram of the address mapper
according to an embodiment of the disclosure;

FIG. 3D is a schematic diagram of the address mapper
according to an embodiment of the disclosure;

FIG. 4A is a schematic diagram illustrating an accessing
state of memory address and an input address set according to
an embodiment of the disclosure;

FIG. 4B is a schematic diagram illustrating an accessing
state of memory address and a mapped address set according
to an embodiment of the disclosure;

FIG. 5A is a schematic diagram of an address decoder
according to an embodiment of the disclosure;

FIG. 5B is a schematic diagram of an address decoder
according to an embodiment of the disclosure;

FIG. 5C is a schematic diagram of an address decoder
according to an embodiment of the disclosure;

FIG. 6 is a schematic diagram of an address selector
according to an embodiment of the disclosure;

FIG. 7 is ablock diagram of the memory controlling device
according to an embodiment of the disclosure;

FIG. 8 is ablock diagram of the memory controlling device
according to an embodiment of the disclosure;

FIG. 9A is a schematic diagram of the address mapper
according to an embodiment of the disclosure;

FIG. 9B is a schematic diagram of the address mapper
according to an embodiment of the disclosure;

FIG. 9C is a schematic diagram of the address mapper
according to an embodiment of the disclosure;

FIG. 9D is a schematic diagram of the address mapper
according to an embodiment of the disclosure;

FIG. 10A is a schematic diagram of the address decoder
according to an embodiment of the disclosure;

FIG. 10B is a schematic diagram of the address decoder
according to an embodiment of the disclosure;

FIG. 10C is a schematic diagram of the address decoder
according to an embodiment of the disclosure;

FIG. 11 is a schematic diagram of the address selector
according to an embodiment of the disclosure;

FIG. 12 is a schematic diagram of the address mapper
according to an embodiment of the disclosure;

FIG. 13 is a flow chart of a memory controlling method
according to an embodiment of the disclosure;

FIG. 14 is a flow chart of step S120 according to an
embodiment of the disclosure;

FIG. 15 is a flow chart of step S120 according to an
embodiment of the disclosure;

FIG. 16 is a flow chart of step S120 according to an
embodiment of the disclosure;

FIG. 17 is a flow chart of step S120 according to an
embodiment of the disclosure;
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FIG. 18 is a flow chart of step S120 according to an
embodiment of the disclosure;

FIG. 19 is a flow chart of step S120 according to an
embodiment of the disclosure;

FIG. 20 is a flow chart of step S120 according to an
embodiment of the disclosure;

FIG. 21 is a flow chart of step S170 according to an
embodiment of the disclosure;

FIG. 22 is a block diagram of the memory controlling
device according to an embodiment of the disclosure;

FIG. 23 is a block diagram of the memory controlling
device according to an embodiment of the disclosure;

FIG. 24 is a schematic diagram of the address decoder
according to an embodiment of the disclosure; and

FIG. 25 is a schematic diagram of the address selector
according to an embodiment of the disclosure.

DETAILED DESCRIPTION

In the following detailed description, for purposes of
explanation, numerous specific details are set forth in order to
provide a thorough understanding of the disclosed embodi-
ments. [t will be apparent, however, that one or more embodi-
ments may be practiced without these specific details. Inother
instances, well-known structures and devices are schemati-
cally shown in order to simplify the drawing.

A memory controlling device provided by the disclosure is
used for controlling a memory having a partial array self
refresh (PASR) function and a plurality of memory segments.

FIG. 1 is a block diagram of a memory controlling device
according to an embodiment of the disclosure. According to
an embodiment, a memory controlling device 30 includes a
PASR configuration register 31, an address mapper 32, an
address decoder 33 and an address selector 34.

A memory 40 is, for example, a dynamic random access
memory (DRAM), a synchronous dynamic random access
memory (SDRAM) or a mixture of a DRAM and a static
random access memory (SRAM), having the PASR function.
The memory controlling device 30 and the memory 40 can be
disposed in a computer. The computer can be a portable or a
non-portable computer. The computer can operate under a
normal mode and a sleep-or-standby mode. The PASR con-
figuration register 31 is used for storing a PASR configuration
p_config. The PASR configuration p_config includes a plu-
rality of PASR configuration bits, and the PASR configuration
bits correspond to memory segments 42 of the memory 40
respectively. Specifically, the memory segments 42 are, for
example, the smallest access units of the memory 40. The
PASR configuration bits correspond to the smallest access
units of the memory 40 respectively.

Values of the PASR configuration bits are, for example, 0 or
1. Generally speaking, when the value of the PASR configu-
ration bit is 0, it represents that the corresponding memory
segment 42 is required to be self-refreshed when the com-
puter including the memory 40 and the memory controlling
device 30 is under the sleep-or-standby mode. When the value
of the PASR configuration bit is 1, it represents that the
corresponding memory segment 42 is not required to be self-
refreshed when the computer is under the sleep-or-standby
mode. Furthermore, the PASR configuration register 31 can
be embodied by a finite state machine (FSM).

The address mapper 32 is coupled to the address decoder
33 and the address selector 34. The address mapper 32 under
the normal mode receives an input address set in_addr. The
input address set in_addr includes at least one input address
which indicates which memory segment 42 the data is written
to. The address mapper 32 converts the input address set
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in_addr into a mapped address set re_addr and outputs the
mapped address set re_addr. The mapped address set re_addr
includes at least one mapped address in a limited range, or
includes a plurality of successive mapped addresses.

According to an embodiment, the address mapper 32 can
be embodied by an arithmetic logic circuit. The address map-
per 32 under the normal mode receives the input address set
in_addr and an address offset addr_offset. The address map-
per 32 converts the input address set in_addr into the mapped
address set re_addr according to the address offset addr_oft-
set. In this embodiment, an initial value of each of all the
PASR configuration bits is, for example, 1, which represents
that no data has been stored in all the memory segments 42
when the memory 40 starts to operate, and whereby the
memory segments 42 are not required to be self-refreshed.

The address decoder 33 is coupled to the PASR configura-
tion register 31 and the address mapper 32. The address
decoder 33 is used for receiving the mapped address set
re_addr and the PASR configuration p_config during the data
writing, and outputting a PASR configuration update signal
p_configl according to the mapped address set re_addr to
update the PASR configuration p_config currently stored in
the PASR configuration register 31. After the address mapper
32 has generated the mapped address set re_addr, the address
decoder 33 can also output the PASR configuration update
signal p_configl according to a condition of the input address
set in_addr being mapped to update the PASR configuration
p_config currently stored in the PASR configuration register
31, in order to control that the corresponding memory seg-
ments 42 are required to be self-refreshed when the computer
is under the sleep-or-standby mode.

The address selector 34 is coupled to the memory 40, the
address mapper 32 and the PASR configuration register 31.
The address selector 34 under the normal mode receives the
mapped address set re_addr to generate an updated address
set u_addr used for accessing the memory 40. The address
selector 34 under the sleep-or-standby mode receives the
updated PASR configuration p_config to generate the
updated address set u_addr. The address selector 34 sets at
least one mode register 43 of the memory 40 to control the
memory 40 to self refresh at least one of the memory seg-
ments 42 correspondingly.

Briefly, the address mapper 32 can be used for generating
the address used for accessing the memory 40. By generating
the at least one mapped address set re_addr in the limited
range or generating the successive mapped address set
re_addr, the data can be written to the consecutive memory
segments 42 or the non-consecutive memory segments 42.
Therefore, the data will be gathered in one of the specific
memory segments 42 or more than one of the specific
memory segments 42 in the memory 40, and the remaining
memory segments 42 without any written data are not
required to be self-refreshed under the sleep-or-standby
mode. Herein, power for the remaining memory segments 42
will be cut off in order to reduce the power consumption of the
memory 40 under the system sleep-or-standby mode.

According to an embodiment, the memory controlling
device 30 can further comprise a controller 35 as shown in
FIG. 2. The controller 35 is coupled to the memory 40, the
address mapper 32 and the address selector 34. The memory
40 includes m memory banks 41_1 to 41 m (hereinafter the
memory banks 41). One memory banks 41 includes n
memory segments 42_1 to 42 », and both m and n are
positive integers greater than 1.

The controller 35 receives the mapped address set re_addr
from the address mapper 32 and outputs a transmitted
mapped address set re_addrl for transmitting the received
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mapped address set re_addr to the address selector 34. The
address selector 34 under the normal mode receives the trans-
mitted mapped address set re_addr] to generate the updated
address set u_addr used for accessing the memory 40. The
address selector 34 receives the updated PASR configuration
p_config to generate the updated address set u_addr under the
sleep-or-standby mode, in order to set the mode registers 43
of'the memory 40 to control the memory 40 to self refresh at
least one of the memory segments 42 correspondingly.

The controller 35 can perform data reading and writing
when the computer is under the normal mode. In other words,
a state that the memory 40 performs ordinary data writing or
data reading belongs to the normal mode. The controller 35
includes an address queue, a command queue, a data writing
queue, a data reading queue, a memory finite state machine
controlling unit, an address generator, a command generator,
a data writing first in first out (FIFO) buffer and a data reading
FIFO buffer.

The memory controlling device 30 can be coupled to a
processor 50 through an external bus 52. The memory con-
trolling device 30 receives the input address set in_addrand a
reading and writing signal WR from the processor 50. The
memory 40 can be set under one of a writing mode and a
reading mode under the normal mode according to the read-
ing and writing signal WR. The normal mode and the sleep-
or-standby mode belong to the working modes of the com-
puter, and the writing mode and the reading mode belong to
the working modes of the memory 40.

The memory controlling device 30 receives a signal of
written data w_data, a control signal ctrl and a resetting signal
from the processor 50 through the external bus 52. The
memory controlling device 30 transmits a signal of read data
r_data and a status signal status to the processor 50 through
the external bus 52. The processor 50 is, for example, a central
processing unit (CPU).

FIG. 3A is a schematic diagram of the address mapper
according to an embodiment of the disclosure. In this embodi-
ment, the address mapper 32 includes a first operation unit
321. The first operation unit 321 is used for adding the input
address set in_addr and the address offset addr_offset to gen-
erate the mapped address set re_addr, and for outputting the
mapped address set re_addr to the controller 35. In this way,
the input address set in_addr can be converted into the
mapped address set re_addr by using a shift operation or a
rotation operation.

The first operation unit 321 can be embodied by a combi-
national circuit. Specifically, the first operation unit 321 can
be an adder. If an adder is implemented as the first operation
unit 321, the bit width of the output signal re_addr of the adder
is the same as that of the input address set in_addr and that of
the address offset addr_offset regardless of carry or overflow.
The input address set in_addr can be a control address set used
by the processor 50 for accessing the memory 40, or can be
merely a part of the control address set.

For example, the bit width of each control address in the
control address set can be 16-bit, and just the last 10 bits or 6
bits of the 16 bits, used for specifying the memory segments
42, are enough for performing operation. The first operation
unit 321 can take a part of the bits from the generated mapped
address setre_addr to the controller 35. Assume that there are
a total of the sixty-four memory segments 42 in the memory
40; then only a 6-bit address is enough for specifying any one
of the memory segments 42. Therefore, the address mapper
32 can only output the 6-bit mapped address set re_addr.

The first operation unit 321 can use a part of the signals of
the input address set in_addr as the rest of the control address
for the controller 35. Assume that the bit width of the control
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address is 16-bit; the 6-bit mapped address set re_addr can be
obtained according to the method mentioned above. The first
operation unit 321 can take 10 bits, each not corresponding to
any bit of the mapped address set re_addr, from the input
address set in_addr, and the taken 10 bits and the mapped
address set re_addr are combined to form the control address
connected to the controller 35.

The address offset addr_offset can be set according to the
system configuration of the memory 40, or can be set when
the operating system of the computer, e.g. Android operating
system, boots and executes application programs, e.g.
An3DBenchXL application program. For example, as shown
inthe top part in F1G. 4A, when the Android operating system
boots, the data in memory banks B0, B5, B6 and B7 of the
memory 40 are accessed. The memory banks B0, B5, B6 and
B7 can correspond to the memory banks 41_1, 41_6, 41_7
and 41_8inFIG. 2, where the memory banks 41_6to41_8 are
not shown in the drawing but can be learnt from the three
memory banks 41 between the memory banks 41_1 and
41_m.

As shown in the top part in FIG. 4B, after the booting and
An3DBenchXI, application program are executed, the
memory banks B0, B4, B5, B6 and B7 of the memory 40 are
accessed. The memory banks B0, B4, B5, B6 and B7 can
correspond to the memory banks 41_1,41_5,41_6,41_7 and
41_8in FIG. 2, where the memory banks 41_5to 41_8 are not
shown in the drawing but can be learnt from the four memory
banks 41 between the memory banks 41_1 and 41 m. It can
be understood from FIGS. 4A and 4B that an address offset
operation can be performed on the addresses used for access-
ing the memory 40, so that the data in the memory 40 can be
gathered in the consecutive memory banks 41 or the memory
segments 42. When the computer is under the sleep-or-
standby mode, the memory 40 can self refresh less quantity of
the memory segments 42.

For example, as shown in the bottom part in F1G. 4A, if data
is stored in the memory spaces indicated by addresses 0x0 to
0x3 and 0x8 to OxF of the memory 40, and if no data is stored
in the memory space indicated by addresses 0x4 to 0x7 of the
memory 40, the address offset addr_offset for the address
offset operation can be set as OxC (0xF-0x3=0xC). Then,
each of the mapped addresses of the mapped address set
re_addr equals to 0xC plus each of the input addresses of the
input address set in_addr. In this way, the memory spaces
indicated by the addresses 0xC to OxF and 0x4 to 0xB of the
memory 40 will be used for storing data, and the memory
space indicated by the addresses 0x0 to 0x3 of the memory 40
will be available (as shown in the bottom part of FIG. 4B).
Therefore, the memory space indicated by the addresses 0x0
to 0x3 of the memory 40 will be not needed to be self-
refreshed when the computer is under the sleep-or-standby
mode.

Even though it is possible that more logic gates are required
for the implementation of the first operation unit 321, the first
operation unit 321 can generate the mapped address set
re_addr directly by its arithmetic logic. Therefore, the
mapped address set re_addr can be obtained speedily.

FIG. 3B is a schematic diagram of the address mapper
according to an embodiment of the disclosure. In this embodi-
ment, the address mapper 32 includes the first operation unit
321 and a first AND gate 322. The first AND gate 322 is used
for performing AND operation on an output signal op_out of
the first operation unit 321 and a first default signal 1st_de-
fault, and the AND result is set as the mapped address set
re_addr and is outputted to the controller 35. The first default
signal 1st_default is used for setting the bit number of the
mapped address set re_addr. For example, if the 4-bit mapped
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address set re_addr is required, the first default signal 1st_de-
fault can be set as OxF. For another example, if the 8-bit
mapped address set re_addr is required, the first default signal
1st_default can be set as OxFF.

As mentioned above, the memory controlling device 30
can learn whether the memory 40 is required to be written
with data, according to the reading and writing signal WR. In
the following description, assume that the memory 40 is
under the writing mode if the value of the reading and writing
signal WR is 1, and the memory 40 is under the reading mode
if the value of the reading and writing signal WR is 0. In the
writing mode, the address mapper 32 generates the consecu-
tive mapped address set re_addr or generates the mapped
address set re_addr in a limited range according to the input
address set in_addr and the address offset addr_offset. The
controller 35 stores the written data w_data in at least one of
the memory segments 42 corresponding to the mapped
address set re_addr, so that the written data w_data can be
gathered and stored in the specific memory segments 42. In
the reading mode, the address mapper 32 generates the
mapped address set re_addr corresponding to the input
address set in_addr, and the controller 35 reads the required
read data r_data from at least one of the memory segments 42
corresponding to the mapped address set re_addr.

Refer to FIG. 3B and FIG. 5A, data is being written in the
memory 40 under the writing mode, and data is being read out
from the memory 40 under the reading mode. The address
decoder 33 includes a first multiplexer 331. In the writing
mode, the address decoder 33 outputs the PASR configuration
update signal p_configl according to the mapped address set
re_addr, so as to update the PASR configuration p_config
currently stored in the PASR configuration register 31. Fur-
thermore, the first multiplexer 331 updates the PASR configu-
ration p_config according to the mapped address set re_addr,
the PASR configuration p_config and the reading and writing
signal WR. The reading and writing signal WR is used for
indicating whether the memory 40 is under the writing mode
or the reading mode of the normal mode currently.

Each of the updated PASR configuration bits can be a
second default signal 2nd_default, or be the corresponding
PASR configuration bit before updating. If a value of the
PASR configuration bit is 0, it represents that the correspond-
ing memory segment 42 is needed be self-refreshed when the
computer is under the sleep-or-standby mode, and the second
default signal 2nd_default can be set to 0. In the writing mode,
the controller 35 writes the written data w_data to the memory
segment 42 of the memory 40 corresponding to the mapped
address set re_addr, so all the PASR configuration bits corre-
sponding to the mapped address set re_addr are required to be
changed to 0. Therefore, under the writing mode, the values of
the updated PASR configuration bits corresponding to the
mapped address set re_addr are set to 0, and the values of the
updated PASR configuration bits not corresponding to the
mapped address set re_addr are still the corresponding values
of'the PASR configuration bits before updating.

For example, assume that the input address set in_addr has
an input address 0x00, a mapped address 0xOC is obtained
after the input address 0x00 is mapped. In the writing mode,
the values of the PASR configuration bits corresponding to
the memory segments 42 specified by the mapped address
0x0C are updated as 0. Under the reading mode, no content
stored in the memory segments 42 will be modified, so the
PASR configuration p_config is not needed to be updated
when the reading and writing signal WR is 0.
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Refer to FIG. 3C and FIG. 5B, the address mapper 32
includes the first operation unit 321, the first AND gate 322
and a mask register 323 and mxn second AND gates 324_1 to
324__mxn.

The mask register 323 is used for storing a mask configu-
rationm_config. The mask configuration m_config includes a
plurality of mask configuration bits, e.g. the mask configura-
tion bits b__1 to b_mxn in FIG. 3C. The mask configuration
bits correspond to the PASR configuration bits respectively
and are used for indicating whether the corresponding PASR
configuration bits or the corresponding memory segments 42
can be mapped. In the description below, the mask configu-
ration bit with a value 0 represents that the corresponding
PASR configuration bit or the corresponding memory seg-
ment 42 can be mapped, and the mask configuration bit with
a value 1 represents that the corresponding PASR configura-
tion bit or the corresponding memory segment 42 can not be
mapped.

Because there may be special data, e.g. booting procedures
orrestoring procedures of the operating system, which should
not be modified and is stored in specific locations in the
memory 40, the mask configurations m_config can be set for
the corresponding memory segments 42 storing the special
data. According to an embodiment, the memory 40 includes
m memory banks 41, each of the m memory banks 41
includes n memory segments 42, and m and n are positive
integers. The PASR configuration bits, the mask configura-
tion bits and all the memory segments 42 correspond to each
other respectively. Therefore, one of the memory segments 42
of one of the memory banks 41 can be specified by corre-
sponding one of the PASR configuration bits or the mask
configuration bits.

The mxn second AND gates 324_1 to 324 _mxn can be
used for performing AND operation on all the corresponding
PASR configuration bits and inversed mask configuration bits
generated by inversing the mask configuration bits, and AND
results of the mxn second AND gates 324_1to 324 mxn can
be used for controlling the first operation unit 321. In other
words, under the writing mode, the first operation unit 321
adds the input address set in_addr and the address offset
addr_offset to generate the mapped address set re_addr
according to the AND results of the mxn second AND gates
324 1to 324__mxn.

Similarly, the first multiplexer 331 of the address decoder
33 outputs the PASR configuration update signal p_configl
according to the mapped address set re_addr, the reading and
writing signal WR and the AND results of the mxn second
AND gates 324_1 to 324__mxn to update the PASR configu-
ration p_config currently stored in the PASR configuration
register 31.

Therefore, under the writing mode, the address mapper 32
firstly determines whether the value of the mask configuration
bit corresponding to each of the input addresses is 1. If the
value of the mask configuration bit corresponding to each of
the input addresses is 1, the corresponding memory segment
42 can not be mapped. Therefore, the outputted mapped
addresses are the same as the input addresses.

For the PASR configuration bits corresponding to both the
mapped addresses and the mask configuration bits with a
value of 1, because the written data w_data will be written to
the corresponding memory segments 42, the values of the
PASR configuration bits will be set to 0. If the values of the
corresponding mask configuration bits are 0, it represents that
the corresponding memory segments 42 can be mapped, and
that the address mapper 32 can perform mapping and output
the mapped addresses different from the input addresses. For
the PASR configuration bits corresponding to both the
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mapped addresses and the mask configuration bits with a
value of 0, because the written data w_data will be written to
the corresponding memory segments 42, the values of the
PASR configuration bits will be set to 0. Furthermore, the
mask configuration m_config stored in mask register 323 can
be set by other units outside the memory 40.

Refer to FIG. 3D and FIG. 5C, schematic diagrams of the
address mapper and the address decoder according to an
embodiment of the disclosure are shown. In this embodiment,
the address mapper 32 further includes a first decoder 325, m
first OR gates 326_1 to 326__m, m third AND gates 327_1 to
327 _m,asecond OR gate 328 and a first adder 329. All of the
first decoder 325, the first OR gates 326_11t0 326__m, the third
AND gates 327_11t0 327 _m, the second OR gate 328 and the
first adder 329 form a determining circuit for determining
whether a quantity of the memory banks 41 stored data cur-
rently is greater than a threshold value.

The first decoder 325 can be used for generating a decoding
address set according to the input address set in_addr. A
quantity of input bits of the first decoder 325 and a quantity of
output bits of the first decoder 325 can be set according to a
value of m. In this embodiment, the first decoder 325 is, for
example, a decoder for converting 3 bits to 8 bits.

The m first OR gates 326_1~326_m can be used for per-
forming OR operation on n inversed PASR configuration bits
corresponding to the n memory segments 42 belonging to the
same memory bank 41, where the n inversed PASR configu-
ration bits are generated by inversing the n PASR configura-
tion bits. For example, the first OR gate 326_1 can correspond
to the first memory bank 41. In this example, if the value of the
PASR configuration bit corresponding to any one of the
memory segments 42 in the first memory bank 41 is 0, it
represents that the first memory bank 41 has stored data, and
that the first memory bank 41 is needed to be self-refreshed
when the computer is under the sleep-or-standby mode. The
first adder 329 is used for adding the OR results of the m first
OR gates 326_1 to 326__m to generate an updated memory
bank quantity add_out for indicating a quantity of the
memory banks 41 which have stored data until now, and the
memory banks 41 which have stored data is needed to be
self-refreshed when the computer is under the sleep-or-
standby mode.

The m third AND gates 327_1 to 327__m can be used for
respectively performing AND operation on the OR results of
the m first OR gates 326_1 to 326_m and the decoding
address set. The second OR gate 328 can be used for perform-
ing OR operation on the AND results of the m third AND
gates 327_1t0327__mto generate a matching signal match. If
avalue of the matching signal match is 0, it represents that the
memory banks 41 corresponding to the input address set
in_addr do not store any data. Ifa value of the matching signal
match is 1, it represents that the memory banks 41 corre-
sponding to the input address set in_addr have stored data.

The first operation unit 321 adds the input address set
in_addr and the address offset addr_offset to generate the
mapped address set re_addr according to the matching signal
match and the updated memory bank quantity add_out. Simi-
larly, the first multiplexer 331 of the address decoder 33
outputs the PASR configuration update signal p_configl
according to the mapped address set re_addr, the reading and
writing signal WR, the matching signal match, the updated
memory bank quantity add_out and the mask configuration
m_config to update the PASR configuration p_config cur-
rently stored in the PASR configuration register 31.

More specifically, the address mapper 32 first determines
whether the input addresses respectively correspond to the
memory banks 41 which have stored data, according to the
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matching signal match, If yes, the value of the matching
signal match is 1. Herein, the input addresses are not required
to be mapped, the input addresses can be directly set as the
mapped addresses, and the values of the corresponding PASR
configuration bits are setto 0. If not, the value of the matching
signal match is 0. Herein, the address mapper 32 further
determines whether the updated memory bank quantity
add_out is greater than the threshold value. Similarly, the
address decoder 33 can also determine whether the input
addresses respectively correspond to the memory banks 41
which have stored data, according to the matching signal
match. If yes, the input addresses can be directly set as the
mapped address.

If the updated memory bank quantity add_out is less than
the threshold value, the input addresses can also be directly
set as the mapped addresses, and the address decoder 33 can
set the values of the corresponding PASR configuration bits to
0. If the updated memory bank quantity add_out is greater
than or equal to the threshold value, it represents that there is
a considerable quantity of the memory banks 41 which have
stored data. In order to reduce a quantity of the used memory
banks 41, the input addresses can be mapped to the mapped
addresses corresponding to the used memory banks 41, and
the address decoder 33 can set the values of the PASR con-
figuration bits corresponding to the mapped addresses to 0. In
other words, the mapped addresses are in the limited range
corresponding to the memory banks 41 which have been used.

According to an embodiment, the OR results of the m first
OR gates 326_1 to 326_m can be provided to the address
mapper 32 directly. The address mapper 32 can learn the
conditions of each of the used memory banks 41 according to
the OR results of the m first OR gates 326_1 to 326_ m, and
can determine whether it is needed to map the input
addresses, according to the conditions. Assume that the
unused memory segments 42 are required to be located in
memory regions at lower addresses. The limited range can
oppositely be set to the memory regions at higher addresses.
If the input addresses correspond to the memory regions at
lower addresses, the input addresses can be mapped as the
mapped addresses of the memory regions at higher addresses,
and the written data w_data can be written to the memory
regions at higher addresses.

FIG. 6 is a schematic diagram of the address selector
according to an embodiment of the disclosure. When the
computer is under the normal mode (the memory 40 is under
the reading mode or the writing mode), the address selector
34 receives the mapped address set re_addr and outputs the
updated address set u_addr in order to access the memory 40.
When the computer is under the sleep-or-standby mode, the
address selector 34 generates the updated address set u_addr
according to the PASR configuration. The address selector 34
can also set at least one of the mode registers 43 of the
memory 40 according to the updated address set u_addr, so
that the memory 40 can self refresh at least one of the memory
segments 42 correspondingly.

The address selector 34 includes m fourth AND gates
341_1 to 341__m (collectively called fourth AND gates 341),
n fifth AND gates 342_1 to 342_ » (collectively called fifth
AND gates 342), a second multiplexer 343 and a third mul-
tiplexer 344.

The m fourth AND gates 341_1 to 341 m are used for
performing AND operation on the n updated PASR configu-
ration bits corresponding to the n memory segments 42
belonging to the same memory bank 41. When the values of
the updated PASR configuration bits corresponding to any
one of the memory segments 42 in the memory bank 41 are 0,
it represents that the memory segment 42 is needed to be
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self-refreshed. Herein, an output of the fourth AND gate 341
corresponding to the memory bank 41 will be 0.

The n fifth AND gates 342_1 to 342_ » are used for per-
forming AND operation on the m updated PASR configura-
tion bits corresponding to the m memory segments 42 belong-
ing to the same index of memory segment in the m memory
banks 41. In other words, the ith fifth AND gate 342 can
perform AND operation on the m updated PASR configura-
tion bits corresponding to the ith memory segment 42 (totally
m memory segments 42) in each of the memory banks 41,
whereiis an integer, and 1 =i=n. For example, when the values
of'the updated PASR configuration bits corresponding to any
one of the ith memory segments 42 of all the memory banks
41 are 0, an output of the fifth AND gate 342 corresponding to
the ith memory segment 42 will be 0.

The second multiplexer 343 is used for outputting a first
signal according to the AND results of the m fourth AND
gates 341_1to 341__m and the AND results of the n fifth AND
gates 342_1 to 342_ . The third multiplexer 344 is used for
generating the updated address set u_addr according to the
first signal and the mapped address set re_addr. The updated
address set u_addr includes at least one updated address.
Under the normal mode, the address selector 34 is used for
receiving the mapped address set re_addr to generate the
control address set used for accessing the memory 40. Under
the sleep-or-standby mode, the address selector 34 is used for
receiving the output signal of the second multiplexer 343 to
generate the updated address set u_addr which is used for
setting at least one of the mode registers 43 of the memory 40,
so that the memory 40 can self refresh at least one of the
memory segments 42 correspondingly.

Through the above elements, the memory controlling
device 30 can learn the setting information of each of the
memory banks 41 and the memory segments 42 according to
the PASR configuration p_config, and set the commands for
executing the PASR function through the address selector 34
and the controller 35. The controller 35 can send the com-
mands for executing the PASR function to the memory 40, so
that the memory 40 enters into a PASR mode according to the
commands, and set at least one of the mode registers 43 of the
memory 40 according to the updated address set u_addr to
perform self refreshing.

As a conclusion from the above, under the reading mode,
the PASR configuration p_config is not modified, and the
operations of the address mapper 32, the address selector 34,
the controller 35 and the memory 40 are described as follows.
The address mapper 32 generates the mapped addresses
according to the input addresses. The address selector 34 and
the controller 35 read the read data r_data from the memory
40 according to the mapped addresses and transmit the read
data r_data to the external bus 52.

Under the writing mode, the operations of the address
mapper 32, the address decoder 33, the address selector 34,
the controller 35 and the memory 40 are described as follows.
The address mapper 32 generates the mapped addresses
according to the input addresses. The address decoder 33
outputs the PASR configuration update signal p_configl
according to the mapped addresses to update the PASR con-
figuration p_config currently stored in the PASR configura-
tion register 31. The controller 35 receives the written data
w_data from the external bus 52, and then the address selector
34 and the controller 35 write the written data w_data to the
memory 40 according to the mapped addresses.

Under the sleep-or-standby mode, the operations of the
address selector 34, the controller 35 and the memory 40 are
described as follows. The address selector 34 sets at least one
of the mode registers 43 of the memory 40 according to the



US 9,165,635 B2

13

PASR configuration p_config, so that the memory 40 can self
refresh at least one of the memory segments 42 correspond-
ingly. The controller 35 can send out commands to the
memory 40 to control the memory 40 to enter into the PASR
mode to self refresh the memory segments 42 corresponding
to the PASR configuration p_config.

FIG. 7 is ablock diagram of the memory controlling device
according to an embodiment of the disclosure. According to
an embodiment, a memory controlling device 60 includes a
PASR configuration register 61, an address mapper 62, an
address decoder 63 and an address selector 64. The address
mapper 62 can be embodied by look-up tables.

The PASR configuration register 61 is used for storing the
PASR configuration p_config. The PASR configuration
p_config includes a plurality of PASR configuration bits, and
the PASR configuration bits correspond to the memory seg-
ments 42 respectively.

The address mapper 62 is coupled to the address decoder
63 and the address selector 64. Under the normal mode, the
address mapper 62 receives the input address set in_addr and
aplurality of default addresses, converts the input address set
in_addr, the default addresses and a plurality of look-up
addresses into the mapped address set re_addr according to
the input address set in_addr, and outputs the mapped address
set re_addr. The mapped address set re_addr includes at least
one mapped address in a limited range, or includes a plurality
of successive mapped addresses.

The address decoder 63 is coupled to the PASR configura-
tion register 61 and the address mapper 62. The address
decoder 63 is used for receiving the input address set in_addr,
the PASR configuration p_config and a mapped status under
the writing mode, and outputting the PASR configuration
update signal p_configl according to the input address set
in_addr, the PASR configuration p_config and the mapped
status to update the PASR configuration p_config currently
stored in the PASR configuration register 61.

The address selector 64 is coupled to the memory 40, the
PASR configuration register 61 and the address mapper 62.
The address selector 64 receives the mapped address set
re_addr to generate the updated address set u_addr used for
accessing the memory 40 when the computer is under the
normal mode (the memory 40 is under the reading mode or
the writing mode). The address selector 64 receives the
updated PASR configuration p_config to generate the
updated address set u_addr when the computer is under the
sleep-or-standby mode. The address selector 64 sets at least
one of the mode registers 43 of the memory 40 according to
the updated address set u_addr, so that the memory 40 can self
refresh at least one of the memory segments 42 correspond-
ingly.

A difference between the memory controlling device 60
and the memory controlling device 30 lies in that the address
mapper 62 performs the address mapping by look-up tables.
The operations of the PASR configuration register 61, the
address decoder 63 and the address selector 64 are similar to
those of the PASR configuration register 31, the address
decoder 33 and the address selector 34, thereby being not
mentioned herein again.

FIG. 8 is ablock diagram of the memory controlling device
according to an embodiment of the disclosure. The memory
controlling device 60 can further comprise a controller 65 as
compared with the memory controlling device 60 in FIG. 7.
The operation of the controller 65 is similar to that of the
previously mentioned controller 35. The controller 65 is
coupled between the address mapper 62 and the address
selector 64, and is coupled to the memory 40. The controller
65 can be used for receiving the mapped address set re_addr
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from the address mapper 62, and for transmitting the trans-
mitted mapped address set re_addrl to the address selector
64.

The address selector 64 receives the transmitted mapped
address set re_addrl to generate the updated address set
u_addr used for accessing the memory 40 when the computer
is under the normal mode (the memory 40 is under the reading
mode or the writing mode). The address selector 64 receives
the updated PASR configuration p_config to generate the
updated address set u_addr under the sleep-or-standby mode.
The address selector 64 sets at least one of the mode registers
43 of the memory 40 according to the updated address set
u_addr, so that the memory 40 can self refresh at least one of
the memory segments 42 correspondingly.

The memory 40 includes m memory banks 41, each of the
m memory banks 41 includes n memory segments 42, and m
and n are positive integers. The memory segment 42 is, for
example, the smallest access unit used by the memory 40.

FIG. 9A is a schematic diagram of the address mapper
according to an embodiment of the disclosure. The address
mapper 62 includes a look-up register 621, a mapped register
622 and a fourth multiplexer 623.

The look-up register 621 can be used for storing a look-up
address set, and the look-up address set includes at least one
look-up address. The look-up address can be the mapped
address previously generated by the address mapper 62, be
stored in the look-up register 621, and be used for subsequent
reading or writing. In this embodiment, the look-up register
621 can be regarded as a look-up table (LUT), and the
memory controlling device 60 can obtain the corresponding
mapped address by looking up the look-up table according to
the input address served as an index.

The mapped register 622 can be used for storing a mapped
configuration s_config, and the mapped configuration s_con-
fig includes a plurality of mapped configuration bits. The
mapped configuration bits correspond to indexes of the look-
up addresses respectively, and are used for indicating whether
the corresponding look-up addresses have been mapped. For
example, when a value of the mapped configuration bitis 1, it
represents that the look-up address corresponding to the
mapped configuration bit has been mapped. Herein, the cor-
responding look-up address may be different from the input
address that is used for generating the look-up address. Each
of the look-up addresses corresponds to a unique index. For
example, the indexes respectively corresponding to the look-
up addresses 0x00 to 0x3f are 1 to 64.

According to an embodiment, an initialized value of each
of'the look-up addresses of the look-up address set can be the
same as the corresponding index value. If one of the input
addresses is mapped to the mapped address by the address
mapper 62, the mapped address can be set as the look-up
address corresponding to the input address, and the mapped
configuration bit corresponding to the input address can be set
to 1.

The fourth multiplexer 623 can be used for converting the
input address set in_addr, the default addresses and the look-
up addresses into the mapped address set re_addr according
to the mapped configuration bits and the input address set
in_addr, and for outputting the mapped address set re_addr to
the controller 65. The fourth multiplexer 623 further updates
the look-up address set according to the mapped address set
re_addr and writes the updated look-up address set back to the
look-up register 621.

The default addresses canrespectively correspond to all the
memory segments 42 in the memory 40. For example, when
both m and n are 8, there are a total of 64 memory segments
42 and the default addresses can be 0x00 to 0x3f. According
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to an embodiment, the fourth multiplexer 623 selects the
consecutive addresses from the lowest address to the highest
address in the default addresses sequentially, and sets the
selected ones as the new mapped addresses. Assume the
fourth multiplexer 623 receives the input address set in_addr
including the three input addresses 0x00, 0x10 and 0x30, the
addresses 0x00, 0x01 and 0x02 can be selected to be set as the
corresponding mapped addresses.

When the address mapper 62 receives the input address set
in_addr, the address mapper 62 can firstly determine whether
the input addresses have been mapped, according to the
mapped configuration bits corresponding to each of the input
addresses. If the mapped configuration bit corresponding to
one the input address is 1, it represents that the input address
has been mapped already. Therefore, the fourth multiplexer
623 can acquire a look-up address corresponding to the input
address, from the look-up register 621 and output the
acquired look-up address as the mapped address.

It the mapped configuration bit corresponding to one input
addresses is 0, it represents that the input address has not been
mapped. Herein, the fourth multiplexer 623 will determine
which of the default addresses has been used, according to the
mapped configuration s_config, and will select the lowest
default address in the unused default addresses to output it as
the mapped address. Similarly, if the mapped configuration
bits corresponding to the input addresses are 0, the fourth
multiplexer 623 will select the consecutive default addresses
in the unused default addresses in order from the lowest
default address, and then outputs the selected ones as the
mapped addresses.

FIG. 9B is a schematic diagram of the address mapper
according to an embodiment of the disclosure. The address
mapper 62 further includes a fifth multiplexer 624. The fifth
multiplexer 624 can be used for outputting a mapped configu-
ration update signal s_config 1 according to the mapped
configuration s_config, the reading and writing signal WR
and the input address set in_addr to update the mapped con-
figuration s_config stored in the mapped register 622. When
the address mapper 62 receives the unmapped input address,
the address mapper 62 can generate the corresponding
mapped address and set the mapped configuration bit corre-
sponding to the unmapped input address to 1 for updating.

Please refer to FIG. 10A. FIG. 10A is a schematic diagram
of the address decoder according to an embodiment of the
disclosure. The address decoder 63 includes a first multi-
plexer 631 for converting the currently stored PASR configu-
ration p_config into the PASR configuration update signal
p_configl according to the input address set in_addr, the
mapped configuration s_config and the reading and writing
signal WR to update the PASR configuration p_config cur-
rently stored in the PASR configuration register 61. Each of
the updated PASR configuration bits can be the second
default signal 2nd_default, or be the corresponding PASR
configuration bit before updating.

In this embodiment, the initial values of all the PASR
configuration bits can be 1, which represents that all the
memory segments 42 of the memory 40 are not needed to be
self-refreshed at the startup of the memory segments 42.
Herein, the second default signal 2nd_default can be set to 0.
In the writing mode, the updated PASR configuration bits
corresponding to the mapped address set re_addr are set to 0.
In the reading mode, the PASR configuration p_config is not
needed to be updated. An example of address mapping results
is described as follows.

Assume that the memory banks 41 and the memory seg-
ments 42 corresponding to the input address set in_addr are
shown in Table 1:
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TABLE 1

bl b2 b3 b4 b5 b6 b7 b8
sl 1 2 6
s2 3 4 5
s3 7 8 11
s4 12
s5 9
s6
s7 13
s8 14 10 15

In Table 1, b1 to b8 represent the first to the eighth memory
banks 41, s1 to s8 represent the first to the eighth memory
segments 42, and the numerals 1 to 15 represent the sequence
of segments being accessed. In other words, the first input
address corresponds to b1s1, the second input address corre-
sponds to b4sl, the fifteenth input address corresponds to
b3s8, and the rest can be deduced by analogy. As shown in
Table 1, if the written data w_data is written to the memory 40
according to the input address set in_addr, each of the
memory banks 41 will be accessed. However, for the memory
segments 42, only the sixth memory segment 42 of each of the
memory banks 41 is not accessed. Therefore, under the sleep-
or-standby mode, electricity supply for the memory segments
42 except the sixth memory segment 42 of each of the
memory banks 41 has to be maintained for performing the
PASR function.

After the mapped address set re_addr is generated by the
address mapper 62 and the written data w_data is written to
the memory 40 according to the mapped address set re_addr,
the address mapping result is shown in Table 2 below:

TABLE 2
bl b2 b3 b4 b5 b6 b7 b8
s1 1 2 3 4 5 6 7 8
s2 9 10 11 12 13 14 15

In Table 2, the second to the fifth and the seventh to the
fifteenth input addresses are different from their correspond-
ing mapped addresses. As shown in Table 2, for the memory
segments 42, only the first and the second memory segments
42 of the first to the seventh memory banks 41 are accessed,
and the first memory segment 42 of the eighth memory bank
41 is accessed. Therefore, under the sleep-or-standby mode,
the memory segments 42 of each of the memory banks 41 are
used as a unit, and electricity supply for all the third to the
eighth memory segments 42 is stopped in order to reduce the
power consumption under the sleep-or-standby mode.

FIGS. 9C and 10B are schematic diagrams of the address
mapper and the address decoder according to an embodiment
of the disclosure. The address mapper 62 further includes a
mask register 625 for protecting specific system data. The
mask register 625 can be used for storing the mask configu-
ration m_config. Each of the mask configuration bits indi-
cates whether the memory segment specified by the corre-
sponding PASR configuration bit is allowable to be mapped.
Furthermore, the mask configuration m_config stored in
mask register 625 can be set by other units outside the
memory 40.
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The fourth multiplexer 623 converts the input address set
in_addr, the default addresses and the look-up register 621
into the mapped address set re_addr according to the mapped
configuration s_config, the reading and writing signal WR,
the input address set in_addr and the mask configuration
m_config. The fifth multiplexer 624 outputs the mapped con-
figuration update signal s_configl according to the mapped
configuration s_config, the reading and writing signal WR,
the input address set in_addr and the mask configuration
m_config to update the mapped configuration s_config cur-
rently stored in the mapped register 622.

The address decoder 63 includes the first multiplexer 631
for outputting the PASR configuration update signal p_con-
figl according to the input address set in_addr, the reading
and writing signal WR and the mask configuration m_config
to update the PASR configuration p_config currently stored in
the PASR configuration register 61.

FIGS. 9D and 10C are schematic diagrams of the address
mapper and the address decoder according to an embodiment
of'the disclosure. Both m and n are 8. The address mapper 62
further includes a first decoder 626, eight first OR gates 627_1
10 627_8, eight third AND gates 628_1to0 628_8, asecond OR
gate 629 and a first adder 620. By using this determining
circuit, the memory controlling device 60 generates the
mapped addresses according to the default addresses only
when a quantity of the memory banks 41 into which data is
written until now is greater than or equal to a threshold value.

The operations of the first decoder 626, the eight first OR
gates 627_1 to 627_8, the eight third AND gates 628_1 to
628_8, the second OR gate 629 and the first adder 620 are
similar to those of the first decoder 325, the m first OR gates
326_1t0326_m,themthird AND gates 327_1t0327__m,the
second OR gate 328 and the first adder 329 mentioned previ-
ously, and therefore will not be described herein again. The
first multiplexer 631 of the address decoder 63 outputs the
PASR configuration update signal p_configl according to the
input address set in_addr, the reading and writing signal WR,
the mapped configuration s_config, the matching signal
match and the updated memory bank quantity add_out to
update the PASR configuration p_config currently stored in
the PASR configuration register 61.

An example of address mapping result is listed in Table 3
below, which assumes that the memory banks 41 and the
memory segments 42 corresponding to the input address set
in_addr are shown in Table 1 above, and that the threshold
value of the updated memory bank quantity add_out is set to
4. After the mapped address set re_addr is generated by the
address mapper 62 and the written data w_data is written to
the memory 40 according to the mapped address set re_addr,
the address mapping result is shown in Table 3 below:

TABLE 3

bl b2 b3 b4 b5 b6 b7 b8
sl 1 6 2
s2 3 4 5
s3 8 11 7
s4 12
s5 9
s6
s7 13
s8 14 10 15

In Table 3, the sixth, the eighth, the eleventh and the fif-
teenth input addresses are different from their corresponding
mapped addresses. As shown in Table 3, because a quantity of
the used memory banks 41 can be limited by setting the
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threshold value, the used memory banks 41 are in the memory
banks bl, b2, b4 and b7. Therefore, under the sleep-or-
standby mode, electricity supply for the memory banks b3,
b5, b6 and b8 can be stopped in order to reduce the power
consumption under the sleep-or-standby mode.

FIG. 11 is a schematic diagram of the address selector
according to an embodiment of the disclosure. The address
selector 64 includes m fourth AND gates 641_11t0 641 _m, n
fifth AND gates 642_1 to 642 », a second multiplexer 643
and a third multiplexer 644. The operations of the m fourth
AND gates 641_1 to 641 m, the n fifth AND gates 642_1 to
642_ n, the second multiplexer 643 and the third multiplexer
644 are similar to those of the m fourth AND gates 341_1 to
341 m, the n fifth AND gates 342_1 to 342 n, the second
multiplexer 343 and the third multiplexer 344 in the address
selector 34.

Under the normal mode, the address selector 64 receives
the mapped address set re_addr to generate the updated
address set u_addr used for accessing the memory 40. The
address selector 64 receives the updated PASR configuration
p_config to generate the updated address set u_addr under the
sleep-or-standby mode. The address selector 64 sets at least
one mode register 43 of the memory 40 according to the
updated address set u_addr, so that the memory 40 can self
refresh at least one memory segment 42 correspondingly.

As set forth above, in the reading mode, the PASR configu-
ration p_config will not be changed, and the controller 65 can
read an access data access_data in the memory 40 according
to the mapped address, set the read access data access_data as
the read data r_data, and send to the external bus 52. In the
writing mode, the address mapper 62 generates the consecu-
tive mapped addresses or the mapped addresses in a limited
range according to the input addresses. The address decoder
63 updates the PASR configuration p_config according to the
input addresses. The controller 65 receives the written data
w_data from the external bus 52 and writes the written data
w_data to the memory 40 according to the mapped addresses.

Under the sleep-or-standby mode, the address selector 64
generates the updated address set u_addr according to the
PASR configuration p_config in order to set at least one mode
register 43 of the memory 40, so that the memory 40 can self
refresh at least one memory segment 42 correspondingly. The
controller 65 can send out commands to the memory 40 to
control the memory 40 to enter into the PASR mode to self
refresh the memory segments 42 corresponding to the PASR
configuration p_config.

Furthermore, logic circuits of the address mapper 62 and
the address decoder 63 can be combined to form an address
mapper 72 as shown in FIG. 12, which has the functions of the
address mapper 62 in FIG. 9D and the address decoder 63 in
FIG. 10C. In this embodiment in FIG. 12, both m and n are 8.

The address mapper 72 can be coupled to a PASR configu-
ration register 71. The address mapper 72 includes a look-up
register 721, a mapped register 722, a sixth multiplexer
723_1, a seventh multiplexer 723_2, an eighth multiplexer
723_3, a mask register 724, 8x8 sixth AND gates 725_1 to
725_8x8, a first decoder 726, eight first OR gates 727_1 to
727_8, eight third AND gates 728_1 to 728_8, a second OR
gate 729 and a first adder 720.

The sixth multiplexer 723_1 generates the mapped address
set re_addr and updates the look-up register 721 according to
the mapped configuration s_config, data in the look-up reg-
ister 721, the reading and writing signal WR, the input
address set in_addr, the default addresses, the matching signal
match, the updated memory bank quantity add_out and the
outputs of the mxn sixth AND gates 725_1 to 725_8x8.
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The seventh multiplexer 723_2 outputs the PASR configu-
ration update signal p_configl to update the PASR configu-
ration p_config currently stored in the PASR configuration
register 71, according to the mapped configuration s_config,
the input address set in_addr, the reading and writing signal
WR, the matching signal match, the updated memory bank
quantity add_out and the outputs of the sixty-four (8x8=64)
sixth AND gates 725_1 to 725__mxn. The eighth multiplexer
723_3 outputs the mapped configuration update signal s_con-
figl to update the mapped configuration s_config currently
stored in the mapped register 722, according to the mapped
configuration s_config, the reading and writing signal WR,
the input address set in_addr, the matching signal match, the
updated memory bank quantity add_out and the outputs of the
sixty-four (8x8=64) sixth AND gates 725_1 to 725_64.

FIG. 13 is a flow chart of the memory controlling method
according to an embodiment of the disclosure. A memory
controlling method provided by the disclosure is used for
generating the mapped address set re_addr, so as to reduce a
quantity of the memory banks 41 or the memory segments 42
that are required to be self-refreshed under the sleep-or-
standby mode.

The memory controlling device 30 or 60 receives the input
address setin_addr (step S110). The address mapper 32 or 62
converts the input address set in_addr into the mapped
address set re_addr (step S120). The mapped address set
re_addr includes a plurality of the consecutive mapped
addresses or at least one mapped address in a limited range.
The memory controlling device 30 or 60 determines whether
the computer is currently under the normal mode or the sleep-
or-standby mode, according to a flag or the current state of the
finite state machine (step S130).

Steps S140 to S160 below are performed when the com-
puter is under the normal mode. The address decoder 33 or 63
updates the PASR configuration p_config according to the
mapped address set re_addr (step S140), and stores the
updated PASR configuration p_config (step S150). The PASR
configuration p_config includes a plurality of PASR configu-
ration bits, and the PASR configuration bits correspond to
memory segments 42 respectively. Each of the updated PASR
configuration bits can be the second default signal 2nd_de-
fault, or be the corresponding PASR configuration bit before
updating. The address selector 34 or 64 generates the updated
address setu_addrused for accessing the memory 40, accord-
ing to the mapped address set re_addr (step S160).

Steps S170 to S190 are performed as follows when the
computer is under the sleep-or-standby mode. The address
selector 34 or 64 generates the updated address set u_addr
according to the updated PASR configuration p_config (step
S170), and sets the mode registers 43 of the memory 40
according to the updated address set u_addr (step S180).
Then, the memory controlling device 30 or 60 controls the
memory 40 to self refresh the memory segments 42 corre-
sponding to the PASR configuration p_config according to
data in the mode registers 43 (step S190).

The disclosure provides various embodiments of step S120
as shown in FIG. 14 to FIG. 20 for generating at least one
mapped address in a limited range or for generating the suc-
cessive mapped addresses.

According to an embodiment, the address mapper 32 con-
verts the input address set in_addr into the mapped address set
re_addr according to the address offset addr_offset. For
example, the input address set in_addr and the address offset
addr_offset are added to generate the mapped address set
re_addr.

In an example of step S120 as shown in FIG. 3B and FIG.
14, the address mapper 32 adds the input address set in_addr
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and the address offset addr_offset to generate an addition
result, i.e. the output signal op_out, (step S201), performs
AND operation on the addition result and the first default
signal 1st_default to generate a first AND result which is set
as the mapped address set re_addr (step S202). In this way, a
quantity of the bits of the mapped addresses of the mapped
address set re_addr can be controlled by using the first default
signal 1st_default.

In an example of step S120 as shown in FIG. 3C and FIG.
15, the memory 40 includes the m memory banks 41. Each of
the memory banks 41 includes the n memory segments 42,
and m and n are positive integers. The quantity of the PASR
configuration bits is the product of m and n. The address
mapper 32 receives the mask configuration m_config (step
S301). The mask configuration m_config includes a plurality
of mask configuration bits, and the mask configuration bits
correspond to the PASR configuration bits respectively.

The address mapper 32 performs AND operation on the
corresponding PASR configuration bits and the inversed
mask configuration bits generated by inversing the mask con-
figuration bits, to generate mxn second AND results (step
S302), and adds the input address set in_addr and the address
offset addr_offset to generate the mapped address set re_addr
according to the mxn second AND results (step S303). Fur-
thermore, the address mapper 32 can also perform AND
operation on the output signal op_out generated in step S303,
and the first default signal 1st_default, and set this AND result
as the last mapped address set re_addr.

In an example of step S120 as shown in FIG. 3D and FIG.
16, the first decoder 325 of the address mapper 32 generates
the decoding address set according to the input address set
in_addr (step S401). The first OR gates 326_1 to 326_m
perform OR operation on the n inversed PASR configuration
bits which are generated by inverting the n PASR configura-
tion bits corresponding to the n memory segments 42 belong-
ing to the same memory bank 41, to generate m first OR
results (step S402).

Then, the m third AND gates 327_1 to 327__m perform
AND operation on the m first OR results and the decoding
address set respectively to generate m third AND results (step
S403). The second OR gate 328 performs OR operation on the
m third AND results to generate the matching signal match
(step S404). The first adder 329 adds the m first OR results to
generate the updated memory bank quantity add_out (step
S405). The first operation unit 321 and the first AND gate 322
add the input address set in_addr and the address offset
addr_offset to generate the mapped address set re_addr
according to the matching signal match and the updated
memory bank quantity add_out (step S406).

Furthermore, the first multiplexer 331 of the address
decoder 33 updates the PASR configuration p_config accord-
ing to the mapped address set re_addr and the mask configu-
rationm_config. Each ofthe updated PASR configuration bits
can be the second default signal 2nd_default, or be the corre-
sponding PASR configuration bit before updating.

According to an embodiment, the address mapper 62 con-
verts the input address set in_addr into the mapped address set
re_addr according to the input address set in_addr, the default
addresses and the look-up addresses.

In an example of step S120 as shown in FIG. 9A and FIG.
17, the fourth multiplexer 623 of the address mapper 62
receives the look-up address set having a plurality of look-up
addresses (step S501), and receives the mapped configuration
s_config having a plurality of mapped configuration bits (step
S502). Then, the fourth multiplexer 623 converts the input
address set in_addr, the default addresses and the look-up
addresses into the mapped address set re_addr according to
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the mapped configuration bits of the mapped configuration
s_config and the input address set in_addr (step S503), and
updates the look-up address set according to the mapped
address set re_addr (step S504).

In an example of step S120 as shown in FIG. 9B and FIG.
18, besides steps S501 to S504 mentioned above, the fifth
multiplexer 624 of the address mapper 62 updates the mapped
configuration bits according to the mapped configuration bits
of the mapped configuration s_config and the input address
set in_addr (step S505).

In an example of step S120 as shown in FIG. 9C and FIG.
19, the fourth multiplexer 623 of the address mapper 62 can
further receive the mask configuration m_config (step S506).
The fourth multiplexer 623 converts the input address set
in_addr into the mapped address set re_addr according to the
mapped configuration bits of the mapped configuration
s_config, the input address set in_addr, the default addresses,
the look-up addresses and the mask configuration m_config
(step S503'), and updates the look-up address set according to
the mapped address set re_addr (step S504).

In an example of step S120 as shown in FIG. 9D and FIG.
20, m and n are equal to 8. The first decoder 626 of the address
mapper 62 generates the decoding address set according to
the input address set in_addr (step S507). The first OR gates
627_1 to 627_8 respectively perform OR operation on n
inversed PASR configuration bits, i.e. eight inversed PASR
configuration bits, which are generated by inverting the n
PASR configuration bits corresponding to the n memory seg-
ments 42 belonging to the same memory bank 41, to generate
the m first OR results, i.e. eight first OR results, (step S508).
The third AND gates 628_1 to 628_8 perform AND operation
on the m first OR results and the decoding address set respec-
tively to generate the m third AND results (step S509). Then,
the second OR gate 629 performs OR operation on the m third
AND results to generate the matching signal match (step
S510). The first adder 620 adds the m first OR results to
generate the updated memory bank quantity add_out (step
S511).

Besides the look-up address set and the mapped configu-
ration s_config, the fourth multiplexer 623 of the address
mapper 62 can further receive the matching signal match and
the updated memory bank quantity add_out, convert the input
address set in_addr, the default addresses and the look-up
addresses into the mapped address set re_addr according to
the mapped configuration bits, the input address set in_addr,
the matching signal match and the updated memory bank
quantity add_out (step S503"), and update the look-up
address set according to the mapped address set re_addr (step
S504).

Furthermore, the first multiplexer 631 of the address
decoder 63 updates the PASR configuration p_config accord-
ing to the input address set in_addr, the matching signal match
and the updated memory bank quantity add_out. Each of the
updated PASR configuration bits can be the second default
signal 2nd_default, or be the corresponding PASR configu-
ration bit before updating.

FIG. 21 is a flow chart of step S170 according to an
embodiment of the disclosure. The address selector 34 or 64
can generate the updated address set u_addr according to the
flow chart in FIG. 21.

Firstly, the m fourth AND gates 341_1t0 341 mor641_1
to 641_m respectively perform AND operation on the n
updated PASR configuration bits corresponding to the n
memory segments 42 belonging to the same memory bank 41
to generate m fourth AND results (step S601). Then, the n
fifth AND gates 342_11t0 342 nor 642_1 to 642_ n perform
AND operation on the m updated PASR configuration bits
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corresponding to the m memory segments 42 belonging to the
same index of memory segment in the m memory banks 41
respectively to generate n fifth AND results (step S602). The
second multiplexer 343 or 643 generates the first signal
according to the m fourth AND results and the n fifth AND
results (step S603). The third multiplexer 344 or 644 gener-
ates the updated address set u_addr according to the first
signal and the mapped address set re_addr (step S604).

FIG. 22 is a schematic diagram of the memory controlling
device according to an embodiment of the disclosure. A
memory controlling device 80 includes a PASR configuration
register 81, an address decoder 83, an address selector 84, a
controller 85, a backup memory unit 86 and a sleep flag 87.

The PASR configuration register 81 is used for storing the
PASR configuration p_config. The PASR configuration
p_config includes a plurality of PASR configuration bits, and
the PASR configuration bits correspond to memory segments
42 of the memory 40 respectively. In this embodiment, an
initial value of each of all the PASR configuration bits is, for
example, 0, which represents that self refreshing is required
for all the memory segments 42 at the startup of the memory
40.

The backup memory unit 86 is, for example, a nonvolatile
memory, such as a flash memory or an electrically erasable
programmable read only memory (EEPROM). Therefore,
even if the computer under the sleep-or-standby mode stops
supplying power to the backup memory unit 86, data stored in
the backup memory unit 86 will not be removed.

The sleep flag 87 is used for recording whether the com-
puter including the memory 40 and the memory controlling
device 80 is under the normal mode or the sleep-or-standby
mode. The value of the sleep flag 87 can be set by the proces-
sor 50. For example, when the value of the sleep flag 87 is 0,
it represents that the computer is not under the sleep-or-
standby mode (regarded as the normal mode) now. In con-
trast, when the value of the sleep flag 87 is 1, it represents that
the computer is under the sleep-or-standby mode now.

The controller 85 is coupled to the memory 40, the address
selector 84, the address decoder 83 and the backup memory
unit 86, and can also be coupled to the sleep flag 87. Under the
sleep-or-standby mode, the controller 85 can be used for
copying the content of at least one of the memory segments 42
corresponding to a backup address set, to the backup memory
unit 86. Under the sleep-or-standby mode, the controller 85
generates a controller output address set c¢_addr used for
accessing the memory 40, and copies the content of at least
one of the memory segments 42 corresponding to the control-
ler output address set ¢_addr, to the backup memory unit 86.
Under the normal mode, the controller 85 receives the input
address set in_addr to generate the controller output address
set ¢_addr used for accessing the memory 40.

The address decoder 83 is coupled to the sleep flag 87, the
controller 85 and the PASR configuration register 81. Under
the sleep-or-standby mode, if it is required to copy data to the
backup memory unit 86 from the memory 40, the address
decoder 83 outputs the PASR configuration update signal
p_configl to update the PASR configuration p_config cur-
rently stored in the PASR configuration register 81. Herein, at
least one of the PASR configuration bits corresponds to the
backup address set.

The address selector 84 is coupled to the memory 40, the
PASR configuration register 81 and the controller 85. When
the computer is under the normal mode and the memory 40 is
under the reading mode or the writing mode, the address
selector 84 receives the controller output address set c_addr
from the controller 85 to generate the updated address set
u_addr used for accessing the memory 40. Under the sleep-
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or-standby mode, the address selector 84 receives the control-
ler output address set ¢_addr or the updated PASR configu-
ration p_config to generate the updated address set u_addr, so
that the memory 40 can self refresh at least one of the memory
segments 42 corresponding to the PASR configuration p_con-
fig, according to the updated address set u_addr.

More specifically, when it is required under the sleep-or-
standby mode to backup data, the address selector 84 receives
the controller output address set c_addr to generate the
updated address set u_addr, and copies the content of at least
one of the memory segments 42 to the backup memory unit 86
according to the updated address set u_addr.

When it is required under the sleep-or-standby mode to set
at least one of the mode registers 43 of the memory 40, the
address selector 84 receives the updated PASR configuration
p_config to generate the updated address setu_addr. Then, the
address selector 84 sets at least one of the mode registers 43
according to the updated address set u_addr, so that the
memory 40 can self refresh the at least one of the memory
segments 42 correspondingly.

According to an embodiment, the controller 85 can moni-
tor the value of the sleep flag 87 regularly to determine
whether it is required to backup data. When the value of the
sleep flag 87 is changed from 0 to 1, the controller 85 backups
data stored in the memory 40, according to the capacity of the
backup memory unit 86 and the volume of data stored in the
memory 40. For example, when the volume of data stored in
the memory 40 currently is less than or equal to the capacity
of'the backup memory unit 86, all the data can be copied to the
backup memory unit 86, and electricity supply for the entire
memory 40 and the backup memory unit 86 can be stopped.

When the volume of data stored in the memory 40 currently
is greater than the capacity of the backup memory unit 86, the
controller 85 can backup the critical system data first, or
backup data according to the sequence of the memory seg-
ments 42. The controller 85 can set the addresses of the
memory segments 42, whose related data has already been
copied to the backup memory unit 86, as the backup address
set. Because the data stored in the backup memory unit 86
will not be lost, the address decoder 83 can set the PASR
configuration bits corresponding to the backup address set, to
be 1, which indicates that the memory segments 42 whose
data has already been backed up are not required to be self-
refreshed, and therefore the electricity supply for the memory
segments 42 whose data has already been backed up can be
stopped.

When the value of the sleep flag 87 is changed from 1 to 0,
it indicates that the sleep-or-standby mode is over. The con-
troller 85 can use the data in the backup memory unit 86 to
restore the content originally stored in the memory segments
42, and the address decoder 83 can set the PASR configura-
tion bits corresponding to the restored memory segments 42
to be 0 again.

FIG. 23 is a schematic diagram of the memory controlling
device according to an embodiment of the disclosure. The
memory controlling device 80 can further include a mask
register 88. The mask register 88 can be used for storing the
mask configuration m_config. The mask configuration
m_config includes a plurality of mask configuration bits. The
mask configuration bits can correspond to the PASR configu-
ration bits respectively for indicating whether data stored in
the memory segments corresponding to the corresponding
PASR configuration bits is allowable to be backed up. Fur-
thermore, the mask configuration m_config stored in the
mask register 88 can be set externally. If the mask configura-
tion bit is 1, it represents that the corresponding memory
segment 42 is not allowable to be backed up. Therefore, when
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the computer is under the sleep-or-standby mode, the
memory segments 42 are needed to be self-refreshed. The
controller 85 generates the backup address set according to
the mask configuration m_config. In other words, the control-
ler 85 can determine the memory segments 42 which are
needed to be backed up, according to the mask configuration
m_config.

FIG. 24 is a schematic diagram of the address decoder
according to an embodiment of the disclosure. The address
decoder 83 includes a first multiplexer 831 used for updating
the PASR configuration p_config according to the backup
address set. Each of the updated PASR configuration bits can
be a third default signal 3rd_default, or be the corresponding
PASR configuration bit before updating. If the updated PASR
configuration bit is the third default signal 3rd_default, it
represents that the corresponding memory segment 42 has
already been backed up, and is not needed to be self-re-
freshed. In this embodiment, the third default signal 3rd_de-
fault is set to 1.

FIG. 25 is a schematic diagram of the address selector
according to an embodiment of the disclosure. The address
selector 84 includes m fourth AND gates 841_1to 841 _m, n
fifth AND gates 842_1 to 842 », a second multiplexer 843
and a third multiplexer 844. The operations of the m fourth
AND gates 841_1 to 841 _m, the n fifth AND gates 842_1to
842 n, the second multiplexer 843 and the third multiplexer
844 are similar to those of the m fourth AND gates 341_1 to
341 m, the n fifth AND gates 342_1 to 342 n, the second
multiplexer 343 and the third multiplexer 344 in the address
selector 34, and therefore will not be described herein again.

When the computer is under the normal mode and the
memory 40 is under the reading mode or the writing mode,
the address selector 84 receives the controller output address
set c_addr from the controller 85 to generate the updated
address set u_addr used for accessing the memory 40. Under
the sleep-or-standby mode, the address selector 84 receives
the updated PASR configuration p_config to generate the
updated address set u_addr. The address selector 84 sets at
least one of the mode registers 43 of the memory 40 according
to the updated address set u_addr, so that the memory 40 can
self refresh at least one of the memory segments 42 corre-
spondingly. More specifically, the memory 40 self refreshes
the memory segments 42 that have not been backed up.

As set forth above, when the computer is under normal
mode and the memory 40 is under the reading mode or the
writing mode, the PASR configuration p_config will not be
changed. The controller 85 can access the memory 40 accord-
ing to the control signal ctrl sent by the processor 50. When
the computer is under the sleep-or-standby mode, the control-
ler 85 can copy the content of at least one of the memory
segments 42 to the backup memory unit 86. The address
selector 84 sets at least one of the mode registers 43 of the
memory 40 according to the PASR configuration p_config, so
that the memory 40 can selfrefresh at least one of the memory
segments 42 correspondingly. The controller 85 can send out
commands to the memory 40 to control the memory 40 to
enter into the PASR mode to self refresh the memory seg-
ments 42 corresponding to the PASR configuration p_config.

According to the embodiments mentioned above, written
data is gathered and stored or is backed up, thereby reducing
a quantity of the memory segments 42 or the memory banks
41 which are needed to be self-refreshed when the computer
is under the sleep-or-standby mode. In this way, the electricity
(power consumption) consumed by the memory may be
reduced when the computer is under the sleep-or-standby
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mode, and the standby time of the computer having the
memory and the memory controlling device can be pro-
longed.

What is claimed is:

1. A memory controlling device disposed in a computer for
controlling a memory with a partial array self refresh (PASR)
function in the computer, the computer operating under a
normal mode and a sleep-or-standby mode, the memory com-
prising a plurality of memory segments, the memory control-
ling device comprising:

aPASR configuration register, for storing a PASR configu-
ration, the PASR configuration comprising a plurality of
PASR configuration bits, and the PASR configuration
bits corresponding to the memory segments respec-
tively;

an address mapper, for receiving an input address set, con-
verting the input address set into a mapped address set,
and outputting the mapped address set, wherein the
mapped address set comprises at least one mapped
address in a limited range or comprises a plurality of
successive mapped addresses;

an address decoder, coupled to the PASR configuration
register and the address mapper, for receiving the
mapped address set and the PASR configuration under
the normal mode, updating the PASR configuration
according to the mapped address set, and storing the
updated PASR configuration in the PASR configuration
register; and

an address selector, coupled to the memory, the address
mapper and the PASR configuration register, for under
the normal mode, receiving the mapped address set to
generate an updated address set for the accessing of the
memory, for under the sleep-or-standby mode, receiving
the updated PASR configuration to generate the updated
address set, and for setting at least one mode register of
the memory according to the updated address set, and for
controlling the memory to self refresh at least one of the
memory segments, which correspond to the PASR con-
figuration, according to content of the at least one mode
register;

wherein the address mapper receives the input address set
and an address offset, and converts the input address set
into the mapped address set according to the address
offset, and the memory comprises m memory banks,
each of the memory banks comprises n pieces of the
memory segments, m and n are positive integers, and the
address mapper further comprises:

a mask register, for storing a mask configuration com-
prising a plurality of mask configuration bits corre-
sponding to the PASR configuration bits respectively;
and

mxn second AND gates, for performing AND operation
on the corresponding PASR configuration bits and
inversed mask configuration bits generated by invers-
ing the mask configuration bits; and

afirst operation unit, for adding the input address set and
the address offset to generate the mapped address set
according to the AND results of the mxn second AND
gates.

2. The memory controlling device according to claim 1,
further comprising:

a controller, coupled to the memory, the address mapper
and the address selector, for receiving the mapped
address set from the address mapper, transmitting the
mapped address set to the address selector, and control-
ling and accessing the memory.
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3. The memory controlling device according to claim 1,
wherein

the first operation unit outputs the mapped address set to
the controller.

4. The memory controlling device according to claim 1,

wherein the address mapper comprises:

a first AND gate, for performing AND operation on an
output signal of the first operation unit and a first default
signal, for setting the AND result as the mapped address
set, and for outputting the mapped address set to the
controller.

5. The memory controlling device according to claim 1,

wherein the address decoder comprises:

a first multiplexer, for updating the PASR configuration
according to the mapped address set and the AND results
of the mxn second AND gates, wherein each of the
updated PASR configuration bits is a second default
signal, or is the corresponding PASR configuration bit
before updating.

6. The memory controlling device according to claim 4,

wherein the address mapper further comprises:

a first decoder, for generating a decoding address set
according to the input address set;

m first OR gates, for performing OR operation on n
inversed PASR configuration bits which are generated
by inversing n pieces of the PASR configuration bits and
correspond to n pieces of the memory segments in the
same memory bank;

m third AND gates, for respectively performing AND
operation on the decoding address set and the OR results
of the m first OR gates;

a second OR gate, for performing OR operation on the
AND results of the m third AND gates to generate a
matching signal; and

a first adder, for adding the OR results of the m first OR
gates to generate an updated memory bank quantity;

wherein the first operation unit adds the input address set
and the address offset to generate the mapped address set
according to the matching signal and the updated
memory bank quantity.

7. The memory controlling device according to claim 6,

wherein the address decoder comprises:

a first multiplexer, for updating the PASR configuration
according to the mapped address set, the matching signal
and the updated memory bank quantity, wherein each of
the updated PASR configuration bits is a second default
signal, or is the corresponding PASR configuration bit
before updating.

8. The memory controlling device according to claim 1,
wherein under the normal mode, the address mapper receives
the input address set, a plurality of default addresses and a
plurality of look-up addresses, and converts the input address
set into the mapped address set according to the input address
set, the default addresses and the look-up addresses.

9. The memory controlling device according to claim 8,
further comprising:

a controller, coupled to the memory, the address mapper
and the address selector, for receiving the mapped
address set from the address mapper, transmitting the
mapped address set to the address selector, and control-
ling and accessing the memory.

10. The memory controlling device according to claim 9,

wherein the address mapper comprises:

a look-up register, for storing a look-up address set com-
prising the look-up addresses;

a mapped register, for storing a mapped configuration with
a plurality of mapped configuration bits, wherein the
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mapped configuration bits correspond to indexes of the
look-up addresses one by one, for indicating whether the
look-up addresses have been used for mapping; and

a fourth multiplexer, for converting the input address set,
the default addresses and the look-up addresses into the
mapped address set according to the mapped configura-
tion bits and the input address set, for outputting the
mapped address set to the controller, for updating the
look-up address set according to the mapped address set,
and for storing the updated look-up address set in the
look-up register.

11. The memory controlling device according to claim 10,

wherein the address mapper further comprises:

a fifth multiplexer, for updating the mapped configuration
bits according to the mapped configuration bits and the
input address set, and for storing the updated mapped
configuration bits in the mapped register.

12. The memory controlling device according to claim 10,

wherein

the fourth multiplexer converts the input address set into
the mapped address set according to the mapped con-
figuration bits, the input address set, the default
addresses, the look-up addresses and the mask configu-
ration.

13. The memory controlling device according to claim 10,

wherein the address mapper further comprises:

a first decoder, for generating a decoding address set
according to the input address set;

m first OR gates, for performing OR operation on n
inversed PASR configuration bits which are generated
by inversing n pieces of the PASR configuration bits
corresponding to the n memory segments in the same
memory bank;

m third AND gates, for performing AND operation on the
decoding address set and the OR results of the m first OR
gates respectively;

a second OR gate, for performing an OR operation on the
AND results of the m third AND gates to generate a
matching signal; and

a first adder, for adding the OR results of the m first OR
gates to generate an updated memory bank quantity;

wherein the fourth multiplexer converts the input address
set, the default addresses and the look-up addresses into
the mapped address set according to the mapped con-
figuration bits, the input address set, the matching signal
and the updated memory bank quantity.

14. The memory controlling device according to claim 13,

wherein the address decoder comprises:

a first multiplexer, for updating the PASR configuration
according to the input address set, the matching signal
and the updated memory bank quantity, wherein each of
the updated PASR configuration bits is a second default
signal, or is the corresponding PASR configuration bit
before updating.

15. The memory controlling device according to claim 1,

wherein the address decoder comprises:

a first multiplexer, for updating the PASR configuration
according to the mapped address set, wherein each of the
updated PASR configuration bits is a second default
signal, or is the corresponding PASR configuration bit
before updating.

16. The memory controlling device according to claim 1,

wherein the address selector comprises:

m fourth AND gates, for performing AND operation on n
pieces of the updated PASR configuration bits corre-
sponding to the n memory segments in the same memory
bank;
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n fifth AND gates, for performing AND operation on m
pieces of the updated PASR configuration bits corre-
sponding to the m memory segments belonging to an
index of memory segment in the m memory banks;
a second multiplexer, for outputting a first signal according
to the AND results of the m fourth AND gates and the n
fifth AND gates; and
a third multiplexer used for generating the updated address
set according to the first signal and the mapped address
set.
17. A memory controlling method used for controlling a
memory with a partial array self refresh (PASR) function in a
computer, the computer operating under a normal mode and a
sleep-or-standby mode, the memory comprising a plurality of
memory segments, the memory controlling method compris-
ing:
receiving an input address set;
converting the input address set into a mapped address set,
wherein the mapped address set comprises at least one
mapped address in a limited range or comprises a plu-
rality of successive mapped addresses;
performing following steps under the normal mode:
updating a PASR configuration according to the mapped
address set, wherein the PASR configuration com-
prises a plurality of PASR configuration bits, and the
PASR configuration bits correspond to memory seg-
ments respectively;

storing the updated PASR configuration; and

generating an updated address set, used for accessing the
memory, according to the mapped address set; and

performing following steps under the sleep-or-standby

mode:

generating the updated address set according to the
updated PASR configuration;

setting at least one mode register of the memory accord-
ing to the updated address set; and

controlling the memory to self refresh at least one of'the
memory segments, corresponding to the PASR con-
figuration, according to content of the at least one
mode register;
wherein in the step of converting the input address set into
the mapped address set, the input address set is con-
verted into the mapped address set according to an
address offset, and the memory comprises m memory
banks, each of the m memory banks comprises n pieces
of the memory segments, m and n are positive integers,
aquantity of the PASR configuration bits is mxn, and the
step of converting the input address set into the mapped
address set comprises:
receiving a mask configuration comprising a plurality of
mask configuration bits which correspond to the
PASR configuration bits respectively;

performing AND operation on the corresponding PASR
configuration bits and inversed mask configuration
bits, which are generated by inversing the mask con-
figuration bits, to generate mxn second AND results;
and

adding the input address set and the address offset to
generate the mapped address set according to the mxn
second AND results.

18. The memory controlling method according to claim 17,
wherein the step of converting the input address set into the
mapped address set comprises:

adding the input address set and the address offset to gen-
erate an addition result; and
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performing AND operation on the addition result and a first
default signal to generate a first AND result, and setting
the first AND result as the mapped address set.

19. The memory controlling method according to claim 17,
wherein in the step of updating the PASR configuration
according to the mapped address set, the PASR configuration
is updated according to the mapped address set and the mask
configuration, wherein each of the updated PASR configura-
tion bits is a second default signal, or is the corresponding
PASR configuration bit before updating.

20. The memory controlling method according to claim 17,
wherein the step of converting the input address set into the
mapped address set comprises:

generating a decoding address set according to the input

address set;
performing OR operation on n inversed PASR configura-
tion bits, which are generated by inversing n pieces of
the PASR configuration bits and correspond to the n
memory segments in the same memory bank, to generate
m first OR results;

performing AND operation on the m first OR results and
the decoding address set to generate m third AND
results;

performing OR operation on the m third AND results to

generate a matching signal;

adding the m first OR results to generate an updated

memory bank quantity; and

adding the input address set and the address offset to gen-

erate the mapped address set according to the matching
signal and the updated memory bank quantity.

21. The memory controlling method according to claim 20,
wherein in the step of updating the PASR configuration
according to the mapped address set, the PASR configuration
is updated according to the mapped address set, the matching
signal and the updated memory bank quantity, each of the
updated PASR configuration bits is a second default signal, or
is the corresponding PASR configuration bit before updating.

22. The memory controlling method according to claim 17,
wherein in the step of converting the input address set into the
mapped address set, the input address set is converted into the
mapped address set according to the input address set, a
plurality of default addresses and a plurality of look-up
addresses.

23. The memory controlling method according to claim 22,
wherein the step of converting the input address set into the
mapped address set comprises:

receiving a look-up address set comprising the look-up

addresses;

receiving a mapped configuration with a plurality of

mapped configuration bits, the mapped configuration
bits corresponding to indexes of the look-up addresses
respectively, for indicating whether the look-up
addresses have been used for mapping;

converting the input address set, the default addresses and

the look-up addresses into the mapped address set
according to the mapped configuration bits and the input
address set; and

updating the look-up address set according to the mapped

address set.

24. The memory controlling method according to claim 23,
wherein the step of converting the input address set into the
mapped address set further comprises:

updating the mapped configuration bits according to the

mapped configuration bits and the input address set.

25. The memory controlling method according to claim 23,
wherein
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in the step of converting the input address set, the default
addresses and the look-up addresses into the mapped
address set according to the mapped configuration bits
and the input address set, the input address set is con-
verted into the mapped address set according to the
mapped configuration bits, the input address set, the
default addresses, the look-up addresses and the mask
configuration.

26. The memory controlling method according to claim 23,

% wherein the step of converting the input address set into the
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mapped address set further comprises:

generating a decoding address set according to the input

address set;
performing OR operation on n inversed PASR configura-
tion bits, which are generated by inversing n pieces of
the PASR configuration bits corresponding to the n
memory segments in the same memory bank, to generate
m first OR results;

performing AND operation on the m first OR results and
the decoding address set to generate m third AND
results;

performing an OR operation on the m third AND results to

generate a matching signal;

adding the m first OR results to generate an updated

memory bank quantity; and

wherein in the step of converting the input address set, the

default addresses and the look-up addresses into the
mapped address set according to the mapped configura-
tion bits and the input address set, the input address set,
the default addresses and the look-up addresses are con-
verted into the mapped address set according to the
mapped configuration bits, the input address set, the
matching signal and the updated memory bank quantity.
27. The memory controlling method according to claim 26,
wherein in the step of updating the PASR configuration
according to the mapped address set, the PASR configuration
is updated according to the input address set, the matching
signal and the updated memory bank quantity, each of the
updated PASR configuration bits is a second default signal, or
is the corresponding PASR configuration bit before updating.
28. The memory controlling method according to claim 17,
wherein each of the updated PASR configuration bits is a
second default signal, or is the corresponding PASR configu-
ration bit before updating.
29. The memory controlling method according to claim 17,
wherein the step of generating the updated address set accord-
ing to the updated PASR configuration comprises:
performing AND operation on n pieces of the updated
PASR configuration bits corresponding to the n memory
segments in the same memory bank to generate m fourth
AND results;

performing AND operation on m pieces of the updated
PASR configuration bits, which correspond to the m
memory segments belonging to an index of memory
segment in the m memory banks, to generate n fifth AND
results;

generating a first signal according to the m fourth AND

results and the n fifth AND results; and

generating the updated address set according to the first

signal and the mapped address set.

30. A memory controlling device disposed in a computer
and used for controlling a memory with a partial array self
refresh (PASR) function in the computer, the memory com-
prising a plurality of memory segments, the memory control-
ling device comprising:

a backup memory unit;
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a sleep flag, for recording whether the computer compris-
ing the memory is under a normal mode or a sleep-or-
standby mode;

aPASR configuration register, for storing a PASR configu-
ration, the PASR configuration comprising a plurality of
PASR configuration bits, and the PASR configuration
bits corresponding to the memory segments respec-
tively;

a controller, coupled to the memory, the sleep flag and the
backup memory unit, for under the sleep-or-standby
mode, generating a controller output address set used for
accessing the memory, and copying content of at least
one of the memory segments, which corresponds to the
controller output address set, to the backup memory
unit;

an address decoder, coupled to the sleep flag, the controller
and the PASR configuration register, for updating at
least one of the PASR configuration bits of the PASR
configuration, which corresponds to the controller out-
put address set, under the sleep-or-standby mode, and
for storing the updated PASR configuration in the PASR
configuration register; and

an address selector, coupled to the memory, the PASR
configuration register and the controller, for receiving
the controller output address set or the updated PASR
configuration under the sleep-or-standby mode to gen-
erate an updated address set, so as to control the memory
to self refresh the at least one memory segment, corre-
sponding to the PASR configuration, according to the
updated address set;

wherein the memory comprises m memory banks, each of
the m memory banks comprises n pieces of the memory
segments, m and n are positive integers, the address
selector comprises:

m fourth AND gates, for performing AND operation on
n pieces of the updated PASR configuration bits cor-
responding to the n memory segments in the same
memory bank;

n fifth AND gates, for performing AND operation on m
pieces of the updated PASR configuration bits corre-
sponding to the m memory segments belonging to an
index of memory segment in the m memory banks;
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a second multiplexer, for outputting a first signal accord-
ing to the AND results of the m fourth AND gates and
the n fifth AND gates; and

a third multiplexer, for generating the updated address
set according to the first signal and the controller
output address set.

31. The memory controlling device according to claim 30,
wherein the controller receives an input address set under the
normal mode to generate the controller output address set
used for accessing the memory according to the input address
set.

32. The memory controlling device according to claim 30,
wherein the address selector receives the controller output
address set under the normal mode to generate the updated
address set used for accessing the memory.

33. The memory controlling device according to claim 32,
wherein the address selector receives the controller output
address set under the sleep-or-standby mode to generate the
updated address set, and copies content of at least one of the
memory segments to the backup memory unit according to
the updated address set.

34. The memory controlling device according to claim 33,
wherein the address selector receives the updated PASR con-
figuration under the sleep-or-standby mode to generate the
updated address set, and sets at least one mode register
according to the updated address set.

35. The memory controlling device according to claim 30,
wherein the backup memory unit is a nonvolatile memory.

36. The memory controlling device according to claim 30,
wherein the PASR configuration are preset to enable that all
the memory segments are needed to be self-refreshed.

37. The memory controlling device according to claim 30,
wherein the memory controlling device further comprises:

a mask register, for storing a mask configuration;

wherein the controller generates a backup address set
according to the mask configuration.

38. The memory controlling device according to claim 30,
wherein the address decoder comprises:

a first multiplexer, for updating the PASR configuration
according to the backup address set and the sleep flag,
wherein each of the updated PASR configuration bits is
a third default signal, or is the corresponding PASR
configuration bit before updating.
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